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[57] ABSTRACT 

A power supply applies a power-supply voltage VDD to 
operate an LCD driver circuit. A booster circuit increases the 
power-supply voltage VDD, generating an LCD-driving 
voltage VLDC. When the power-supply voUage VDD is 
equal to or higher than a predetenmined voUage, a power- 
supply voltage delecting circuit outputs the LCD-driving 
voltage VLCD to a switch circuit. The switch circuit dis- 
connects the line for applying the voltage VLCD, from the 
Hne for applying a reference voltage GND. When the 
power-supply voltage VDD is lower than the predetermined 
voltage, the power-supply voltage detecting circuit outputs 
an indefinite voltage to the switch circuit. In this case, the 
switch circuit short-circuits the line for applying the voltage 
VLCD, to the Line for applying the reference voltage GND. 
This prevents undesired phenomena, such as flickering, from 
occurring on the screen of the liquid crystal display, even if 
the application of power-supply voltage VDD is interrupted. 

36 Claims, 11 Drawing Sheets 
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CIRCUIT FOR DRIVING A LIQUID SIOO. A plurality of circuits of this type are provided in the 

CRYSTAL DISPLAY LSI on which the circuit of FIG. 19 is mounted. It is assunaed 

here that the power-supply voltage VDD is 1.5 V, and that the 

BACKGROUND OF THE INVENTION booster circuit 102 raises the power-supply voltage to 4.5V, 
^ . . , • . i. J . . 5 i.e., three times the voltage VDD («VDDx3). The voltage of 

The present invention relates to a circuit for dnvmg a ^ ^^^^ generated, is used as the LCD-driving voltage 

hqmd crystal d^play (LCD), which composes a circuit for ^^j^ ^^^^^ constructed, shall be 

discharging an LCD^invrng voltage. More particularly, the hereinafter referred to as "conventional circuit 1." 

invention relates to a circuit that discharges an accumulated , . . , 

LCD-driving voltage when the power supply to the circuit is Another conventional circuit for driving a liquid crystal 

interrupted, thereby to prevent flickering on the screen of the ^^P^^y described below. 

liquid crystal display (LCD). FIG- 20 is a block diagram illustrating a circuit for driving 

Personal apparatus developed in recent years, such as ^ ^^^^^^ ^O^^^^^ ^i^P^^V' "^^^^^ incorporates an LCD drive 

mobile telephones, are characterized in some respects. First, ^^^^^^ ^CD power-supply circuit, 
they are driven by a chargeable battery. Second, they have jj The circuit for driving a liquid crystal display is mounted 

a liquid crystal display (LCD). Third, they consume less and on a large-scale integrated circuit (LSI) 50. As shown in 

less electric power. A circuit for driving an LCD is known FIG. 20, the LSI 50 has an LCD drive circuit 52 and an LCD 

which comprises an LCD drive circuit and an LCD power- power-supply circuit 54. The circuit 52 outputs a display 

supply circuit, both consumes a little electric power. This signal to a liquid crystal display LCD. The circuit 54 

circuit will be described below. S^^^^^^^^ LCD-driving voltage VLCD and applies the 

FIG. 19 is a circuit diagram of a conventional circuit for ^^"^^ ^CD drive circuit 52. 

driving a liquid crystal display. The LCD power-supply circuit 54 is a booster circuit 

As shown in FIG. 19, a booster circuit raises the voltage ^^^P^^ contains no DC pulses and which consumes 

(VDD) of a signal for turning on and ofE a liquid crystal a little power. Capacitors CllO, Clll and CU2 are 
display LCD, converting the signal to one having an LCD- 25 arranged outside the LSI 50. The capacitors accumulate 

driving voltage (VLCD). The signal having the LCD-driving ^^^^^"^ ^o provide an mcreased current capacity, 

vohage is input to an LCD drive buffer. The buffer outputs In the LSI 50 having the above-described circuit for 

an LCD-driving voltage or a reference voltage GND. driving the LCD, a power-supply voltage VDD generated by 

In the LSI incorporating this circuit for driving a liquid external device is appUed to the LCD power-supply 

crystal display, a power-supply volUge VDD is applied from circuit 54. The circuit 54 generates three voUages VI, V2 

a power supply 100. The booster circuit 102 raises the ^^^^ ^^"^ power-supply voltage VDD. The voltages 

power-supply voltage VDD, thus generating an LCD- VI, V2 and V3 are applied to the LCD drive circuit 52 and 

driving vohage VLCD. The voltage VLCD is accumulated accumulated in the capacitors CllO, Clll and C112, 

in a capacitor ClOO provided for holding a voltage. respectively. The power-supply voltage VDD is 5 V, and the 
. . V J * - r . , 35 voltages VI, V2 and V3 are IV, 2V and 3 V, respectively. The 

An SC signal is supplied to the circuit from an external . p ^^j^ *u * * j u n u u • 

J • TO, o/^ . 1 . , 1 . 11- ,rTAT^ circuit of FIG. 20, thus constructed, shall be hereinafter 

device. Ine SC smnal is a control signal having a VDD r , , , - „ 

f ^ • ir.i. t - J . 1 J- . r referred to as conventional circuit 2. 
voltage, lor turning on or oir the hqmd crystal display LCD. 

The signal SC becomes effective when a DISPOFP signal ^"^^^ communications apparatus, such as a PHS 
(later described) is set at low level (GND). The DISPOFF (Personal Handyphone System) and a mobile telephone, it is 
signal is used to turn off the Uquid crystal display LCD, necessary to reduce power consumption. To this end, power 
whichever level the SC signal has. To turn off the liquid ^^PP^^ ^-^I incorporatmg the above-described LCD- 
crystal display LCD, the DISPOFF signal is set at high level ^"^"S ^^^^^^^ interrupted to save power. With such 
(VDD). Both the SC signal and the DISPOFF signal are communications apparatus it is necessary to replace 
input to an OR gate circuit 104. The OR gate circuit 104 , ^^"^O^ ^^h a new one when the battery is used up. 
outputs the logic sum of these signals, or a signal IN. The ^^^^ apparatus are so designed that the battery can be 
signal IN is input to a level shifter 106. replaced very easily. In many cases, the user may abrupUy 

TTie level shifter 106 changes the level of the signal IN, ^""^^ ^"^"^ ^pp^^X^. 

from the VDD level to the VLCD level, thereby generating ^^^^ conventional circuit 1 (FIG, 19) operates when 
a positive signal OUT. The signal OUT is input to the LCD 50 ^« application of the voltage VDD is interrupted will be 

drive buffer 108. The LCD drive buffer 108, which com- explamed, with reference to FIGS. 3, 4, 21 and 22. 

prises a p -channel MOS transistor MPlOO and an n-channel FIG. 21 is a circuit diagram of the level shifter 106. The 

MOS transistor MNIOO, outputs a drive signal SIOO. The level shifter is of the ordinary type. It comprises p-channel 

drive signal SIOO has the LCD-driving voltage VLCD when MOS transistors MPlOl to MP105 and n-channel transistors 

the signal OUT is at the GND level, and has the reference MNlOl to MN105. As mentioned above, the LCD-driving 

voltage GND when the signal OUT is at the VLCD level. voltage VLCD is 4.5V, 

The drive signal SIOO is input to the Uquid crystal display The level shifter 106 operates in one way when the 

LCD. power-supply voltage VDD ranges from 0.5 to 1.5V, and in 

Namely, in order to drive the liquid crystal display LCD, another way when the voltage VDD is less than 0.5V. 
a DISOFF signal at low level is input, thus vahdating the SC go When the power-supply voltage VDD applied from the 

signal, and a drive signal SIOO generated from the SC signal power supply 100 is 0.5 to L5V, the signal IN input to the 

is output. On the other hand, to turn off the liquid crystal level shifter 106 and the signal OUT output therefrom have 

display LCD, a DISOFF signal at high level is input, thus the relation shown in FIG. 3. In this case, the level shifter 

invalidating the SC signal, and a drive signal SIOO at GND 106 operates normally. 

level is output. 65 When the power-supply voltage VDD is less than the 

The OR gate circuit 104, level shifter 106 and LCD drive lowest operating voltage VDDmin of 0.5V, the voltage on 

buffer 108 constitute a circuit which outputs a drive signal the output lines a and b of the inverter composed of the 
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transistors MPlOl, MNlOl, MP102 and MN102 becomes the LSC 50 can no longer be controlled. The conventional 

indefinite. Consequently, the transistors MN103 and MN104 circuit 2 inevitably makes errors. Nonetheless, no particular 

have an indefinite gate bias voltage (less than 0.5V) and an problem arises if the LCD-driving voltages VI, V2 and V3 

extremely high on-resistance. This renders the voltage on the have fallen to a very small value. If the voUages VI, V2 and 
line C indefinite. A current inevitably passes through the 5 V3 fall too slowly, however, a high DC voltage will be 

path between the transistor MN105 and the transistor applied to the liquid crystal display LCD, momentarily 

MP105. turning on the same. Consequently, flickering occurs or a 

As a consequence, the signal OUT output firom the level streak is displayed, on the screen of the liquid crystal display 

shifter 106 comes to have an indefinite value, too. At this LCD. 

time, the signal IN an the signal Out have the relation shown lO As described above, the conventional LCD -driving cir- 

in FIG. 4. As can be understood from FIG. 4, the signal OUT cuits apply a LCD-driving voltage VLCD accumulated in 

is always indefinite. the voltage-holding capacitors, to a liquid crystal display 

Hence, when the power-supply voltage VDD falls below LCD, when the power-supply voltage VDD falls below the 

0,5 V, i.e. the lowest operating voltage VDDmin of the level lowest operating voltage. The voltage VLCD thus applied 

shifter 106, in the conventional LCD-driving circuit, the causes undesirable phenomena, such as flickering, on the 

signal OUT, i.e. the output of the level shifter 106, becomes screen of the liquid crystal display LCD. 
indefinite. If so, the gate biases of the transistors MNIOO and 

MPlOO become indefinite, BRIEF SUMMARY OF THE INVENTION 

As a consequence, a current passes through the path The object of the present invention is to provide a circuit 
between the transistors MNIOO and MPlOO, and the drive ^0 ^^^^^ ^ ^^^-^ ^^^^^^^ ^^^j^^^ ^^^^^ ^ ^^^^ ^ ^^^^^^ 

signal SlOO output firom the LCD drive buffer 108 becomes to discharge an electric charge from a capacitor accumulat- 

indeflnite (about 2 to 3V), failing to acquire the ground level jng an LCD-driving voltage, thereby to prevent the LCD- 

(OV). A voltage is inevitably appUed to the Uquid crystal driving voltage from being appUed to the display and. thus, 

display LCD, As a result, an undesired phenomenon, such as to prevent undesired phenomena, such as flickering, from 
flickering, wfll take place on the screen of the display LCD. ^5 occuj^iug on the screen of the display, 

FIG, 22 illustrates how the voltages VLCD and VDD achieve the object, a circuit for driving a Uquid crystal 
change when the application of the power-supply voltage display is provided according to the invention, which com- 
VDD is mterrupted after the Hquid crystal display LCD has prfses: voltage -generating means, power-supply detecting 
been turned off (that IS, after the booster circuit 102 has been ^^eans, a first line, a second line, and switch means. The 
turned off). As seen from FIG. 22, the voltage VDD falls voltage-generating means generates, from a power-supply 
along a steep slope to a value near the GND level (OV) after ^^Itage, an LCD-driving voltage which drives liquid crystal 
the appUcation of the power-supply voltage VDD has been incorporated in a liquid crystal display. The power-supply 
mterrupted. By contrast, the voltage VLCD falls along a detecting means detects whether the power-supply voltage is 
gentle slope toward the GND level since the capacitor ClOO j^^^r than a predetermined voltage. The first Une is con- 
holds the voltage VLCD. ^^^^^^^ to voUage-generating means, for applying the 

Therefore, a current passes through the path between the LCD-driving voltage. The second line is connected to the 
transistors MNIOO and MPlOO for a period tA, whereby a voltage-generating means, for applying a reference voUage. 
vohage is apphed to the liquid crystal display LCD, by rhQ switch means disconnects the first line from, or short- 
virtue of the drive signal SlOO. Since the electric charge is circuits the same to, the second Une, in response to an output 
fast dissipated from the capacitor ClOO for a certain period, of the power-supply detecting circuit 
the slope of the LCD-driving voltage VLCD is steep for the ^ ^^^^^ ^^ving a liquid crystal display is provided 
period tA only Generally, the liquid crystal IS mom^^^^ according to the invention, which comprises: voltage- 
dnven if a voltage ^ appked on it for the period tA as is generating means, power-supply detecting means, a first 
Illustrated in FIG 22, whereby the hquid crystal display ^-^^^ ^ ^^^^^ ^^^^ ^^^^^ ^^^^^ 

u^u'^rl^^^'^^'^^f^ . . ' voltage e,,ting means generates, from a power-supply voltage, 
at which the display LCD is turned on depends on the type ^„ LCD-driving voltage which drives Uquid crystal incor- 
of the hquid crystal used m the display LCD. ^^^^^^ ^ ^^^.^ ^^^^^ ^^pl^^ power-supply detect- 
How the conventional circuit 2 (FIG. 20) operates when i^^g Cleans detects whether the power-supply vohage is 
the chargeable battery is removed, that is, when the appli- j^^er than a predetermined vohage. It outputs a first signal 
cation of the power-supply voltage VDD is interrupted, will ^^en the power-supply voltage is equal to or higher than the 
be explamed, with reference to FIG. 23. predetermined voltage, and a second signal when the power 
FIG. 23 illustrates how the power-supply vohage VDD supply voltage is lower than the predetermined voltage. The 
and the LCD-driving voltage VLCD change when the appH- first line is connected to the voltage-generating means, for 
cation of the power-supply voltage VDD is interrupted in the 55 applying the LCD-driving vohage. The second line is con- 

nected to the voltage-generating means, for applying a 

When a chargeable battery is abruptly removed from, for reference voltage. The switch means disconnects the first 

example, a mobile telephone incorporating the LSI 50, the line from the second Une in response to the first signal output 

power-supply voltage VDD quickly falls to the reference from the power-supply detecting circuit, and short-circuits 

vohage GND as is iUustrated in FIG. 23. the same to the second line in response to the second signal 

At the same time, the LCD-driving voltages VI, V2 and output from the power-supply detecting circuit. 

V3, aU generated in the LCD power-supply circuit 54, start In either circuit according to the invention, the switch 

falling. How much the voltages VI, V2 and V3 fall is means forms a conducting path between the first and second 

determined by the leakage current, because the conventional lines when the application of the power-supply voltage is 
curcuit 2 has no DC path. 65 interrupted. The electric charge is instantaneously dis- 

When the power-supply voltage VDD faUs below the charged from a capacitor provided on the first line, through 

lowest operating voltage of the LSI 50, the components of the conducting path. 
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Additional object and advantages of the invention will be FIG. 17 is a diagram showing the pull-down transistors 

set forth in the description which follows, and in part will be and the power-supply detecting circuit, which are provided 

obvious from the description, or may be learned by practice in the fifth embodiment; 

of the invention. The object and advantages of the invention piG. 18 is a diagram depicting the puU-down transistors 

may be realized and obtained by means of the inslrumen- 5 and the power-supply detecting circuit, which are provided 

talities and combinations particularly pointed out hereinbe- in an LCD-driving circuit according to a seventh embodi- 

mcnl of this invention; 

BRIEF DESCRIPTION OF THE SEVERAL }^ ^ ^ diagram showing a conventional 

VIEWS OF THE DRAWING lo LCD-driving circuit; 

FIG. 20 is a block diagram another conventional LCD- 

The accompanying drawings, which are incorporated in driving circuit; 

and constitute a part of the specification, illustrate presently is a circuit diagram of the level shifter incorpo- 

preferred embodiments of the mvention, and together With . j • j%r^j- ■ ■ i_ ■ 

fi, , , . . . , J *L J * 1 J J rated in the convention LCD-drivmg circuit shown m FIG. 

the general description given above and the detailed descrip- ^ 

tion of the preferred embodiments given below, serve to 

explain the principles of the invemion. ^2 ^ a graph ^owmg how the power-supply voltage 

™^ ^ . 11 ^ r r^T^ J ■ • * VDD and the LCD-driving voltage VLCD change when the 

FIG. 1 is a diagram illustrating an LCD-dnving circuit i u i/tm^ ■ • . . j 

J. . . J- . c .i. ■ apphcation of the power-supply voltage VDD IS mterrupted 

accordmg to a first embodiment of the mvention; a .u r -j * i j- t u u . j ■ 

^ after the hquid crystal display has been turned off m the 

FIG. 2 is a circuit diagram of the level shifters 12 and 16, 20 LCD-driving circuit shown in FIG. 19; and 

both provided in the circuit shown in FIG. 1; t^tri • u n * *• t. .i_ 1 

^ FIG. 23 is a graph illustrating how the power-supply 

FIG. 3 is a chart showing the signals which are input to, yoitage VDD and the LCD-driving voltage VLCD change 

and output from, the level shifter 16 when the power-supply ^^^^ the appHcation of the power-supply voltage VDD is 

voltage VDD ranges from 0.5V to 1 .5 V; interrupted after the Uquid crystal display has been turned off 

no. 4 is a chart illustrating the signals which are input to, 25 in the LCD-driving circuit shown in FIG. 20. 
and output from, the level shifter 16 when the power-supply 

voltage VDD is less than the lowest operating voltage DETAILED DESCRIPTION OF THE 

VDDmin (0.5V) of the level shifter 16; INVENTION 

FIG. 5 is a chart explaining how the LCD-driving voltage Embodiments of the present invention will be described, 

VLCD and the power-supply voltage VDD change when the with reference to the accompanying drawings, 

application of the voltage VDD is interrupted after the piG. 1 is a diagram illustrating an LCD-driving circuit 

display LCD (FIG. 1) has been turned off; according to the first embodiment of the invention. 

FIG. 6 is a circuit diagram of the level shifter 20 incor- As shown in FIG. 1, the LCD-driving circuit comprises a 

poratcd in an LCD-driving circuit according to a second power supply 2, a booster circuit 4, a capacitor CI, a drive 

embodiment of the invention; circuit 6, and a discharge circuit 8. The power supply 2 

FIG. 7 is a graph showing how the voltage on the line a supplies a power-supply voltage VDD. The booster circuit 4 

changes with the power-supply voltage VDD applied to the is connected between a line for applying the power-supply 

level shifter 20; voltage VDD (hereinafter caUed "VDD line") and a line for 

RG. 8 is a graph illustrating how the voltage on the line 40 applying a reference voltage GND (hereinafter called *'GND 

b changes with the power-supply voltage VDD applied to line"). The booster circuit 4 is designed to raise the power- 

the level shifter 20; supply voltage VDD, thereby generating a LCD-driving 

FIG. 9 is a graph depicting how the voltage of the signal voltage VLCD. The output of the booster circuit 4 is 

OUT changes with the power-supply voltage VDD applied connected to a line for applying the voltage VLCD 

to the level shifter 20; 45 (hereinafter called "VLCD Une"). The capacitor CI is con- 

FIG. 10 is a graph explaining how the LCD-driving bcty^Q^n the VLCD line and the GND line, for 

voltage VLCD and the power-supply voltage VDD change ^^^^^^^y applying the LCD-dnving voltage VLCD to the 

when the application of the voltage VDD is interrupted in ^"^""^ ^^'^^^ ^ ^"^^ ^i^^^^* ^ ^ connected to the VDD 

the second embodiment after a liquid crystal display has "^^^ ^"^^^ supplying a dnve signal 

been turned off- 50 ^ liquid crystal display LCD. The discharge circuit 8 

FIG. 11 is diagram showing an LCD-driving circuit ^.=onn«=te<3 1° the VDD line. VLCD hne and G^^ 

according to a third embodiment of the invention; discharging the LCD-dnvmg voltage VLCD from the 

. . , , , . - . . voltage-holdmg capacitor CI. 

FIG. 12 IS a block illustrating an LCD-dnvmg circuit \ on • i ^ lAicDrMn- • i • . . .t. j • 

... f u J- 7 f*u . - *• An SC Signal and a DISPOFF Signal are input to the dnve 

accordmg to a fourth embodiment of the present invention; . r , . ^ ■ i . 

* . ^. , . . , , . 55 circuit 6 from an external device. The SC signal turns on or 

FIG. 13 IS a diagram depictmg the pull-down transistors ^ff jhe liquid crystal display LCD. The DISPOFF signal 

and the power-supply detectmg circuit, which are provided ^he liquid crystal display LCD, regardless of the 

m the fourth embodiment; j^^^l SC signal. 

}ri^ mustrating how the power-supply j^e drive circuit 6 comprises an OR gate circuit 10 and 

voltage VDD and the LCD-dnvmg voltages VI. V2 and V3 , j.^.i .lifter 12. The OR gate circuit 10 generates a logic 

change with tune in the fourth embodunent; the SC signal and the DISPOFT signal The level 

FIG- 15 is a diagram showing the puJl-down transistors shifter 12 receives the signal INI of the VDD level from the 

and the power-supply detecting circuit, which are provided OR gate circuit 10, converts the same to a signal of the 

in an LCD-driving circuit according to a fifth embodiment of voltage VCL and inverts this signal to a positive-level signal 

the present invention; 65 qUTI. The drive circuit 6 further comprises a LCD drive 

FIG. 16 is a diagram depicting an LCD-driving circuit buffer 14. The buffer 14 comprises a p<hannel MOS tran- 

according to a fifth embodiment of this invention; sistor MPl and an n-channel MOS transistor NMl. 
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The LCD drive buffer 14 outputs a drive signal SI at the to the liquid crystal display LCD, which displays data. Id 

LCD-driving voltage VLDC to the liquid crystal display order to turn off the hquid crystal display LCD, a DISPOFF 

LCD when the signal OUH input to the gates of the signal at the high level is input, invalidating the SC signal, 

p-channel MOS transistor MPl and n -channel MOS tran- In this case, the LCD driver buffer 14 generates a drive 
sistor MNl is at the reference voltage GND. When the signal 5 signal SI fixed at the reference voltage VDD, and the signal 

OUTl is at the LCD-driving voltage VLCD, the LCD drive SI turns off the liquid crystal display LCD. As mentioned 

buffer 14 outputs a signal SI at the reference voltage GND. above, at least one drive circuit other than the circuit 6 

Although only one drive circuit 6 is shown in FIG. 1, at least shown in FIG. 1 is also provided, along with the circuit 6, 

one other drive circuit of the identical structure is provided in the LSI incorporating the LCD-driving circuit. Like the 
in the LCD -driving circuit. Each of the drive circuits is lo drive circuit 6, the other driver circuit comprises an OR gate 

connected to the VDD Hne, VLCD line and GND Une. 10, a level sifter 12 and an LCD drive buffer 14. 

The discharge circuit 8 comprises a left shifter 16 and a The operation of the discharge circuit 8 will be explained, 

p-channel MOS transistor MP2. The left shifter 16 is con- in the LCD-driving circuit shown in FIG. 1, the power- 

nected at its input to the power supply 2, receiving the supply voltage VDD and the LCD-driving voltage VLCD 
power-supply voltage VDD, and also receives a signal IN2. 15 are 1.5V and 4.5V, respectively, as in the conventional 

The p-channel MOS transistor MP2 receives at its gate a circuit 1. The booster circuit 4 raises the power-supply 

signal 0UT2 output from the level shifter 16. and receives voltage VDD to 4.5V, which is three times the voltage VDD 

the LCD-driving voltage VLCD at its source and back gate. (=VDDx3). The voltage of 4.5V, thus generated, is used as 

The level shifter 12 has the same structure as the left shifter the LCD-driving voltage VLCD. The lowest operating volt- 
12 described above. 20 ^ge VDDmin of the level shifter 16 is 0.5V. It will be 

The level shifters 12 and 16 provided in the drive circuit described how the discharge circuit 8 operates when the 

6 and discharge circuit 8, respectively, are of the ordinary power-supply voltage VDD is 0,5 to 1.5V, and how the 

type use widely. FIG. 2 is a circuit diagram of the level circuit 8 operates when the voltage VDD is less than the 

shifters 12 and 16 identical in structure. As shown in FIG. 2, lowest operating voltage VDDmin (0.5V), while the LCD- 

the level shifters 12 and 15 comprise p-channel MOS driving voltage VLDC remains at 4.5V. 

transistors MP3 to MP7 and n-channel MOS transistors When the power-supply voltage VDD applied from the 

MN3 to MN7. power supply 2 is 0.5 to 1.5V, the signals IN2 and 0UT2, 

The operation of the LCD-driving circuit according to the respectively, input to and output from the level shifter 16 

first embodiment will be explained. have the relation illustrated in FIG. 3. As seen from FIG. 3, 

In the LSI incorporating the LCD -driving circuit, the the level shifter normally operates, generating a signal 

power supply 2 applies the power-supply voltage VDD to 0UT2 at the LCD-driving voltage VLCD (i.e., 4.5V). The 

the booster circuit 4. The booster circuit 4 raises the voltage LCD-driving voltage VLCD of 4.5 V is applied to the gate of 

VDD, generating the LCD-driving voltage VLCD. The the transistor MP2, changing the gate bias thereof to OV. The 

LCD -driving voltage VLCD is held in the vohage-holding transistor MP2 is thereby turned off. No conducting path is 

capacitor CI and stabilized. The voltage VLCD, rendered formed between the source and drain of the transistor MP2. 

stable, is applied to the drive circuit 6. The LCD-driving voltage VLCD remains held in the capaci- 

In the drive circuit 6, the SC signal externally input is a 

control signal of VDD system, which turns on or off the On the other hand, when the power-supply voltage VDD 

liquid crystal display LCD. The SC signal is effective as long Wli^d from the power supply 2 is less than 0.5V, i.e., the 

as the DISPOFF signal (later described in detail) remains at lowest operating voltage VDDmin, the voltage on lines A 

the low level (i.e., reference voltage GND). The DISPOFF and B, which is the output of the inverter composed of the 

signal turns off the liquid crystal display LCD, no matter transistors MP3, MN3, MP4 and MN4, becomes indefinite, 

whichever level the SC signal has. The DISPOFF signal The gate biases of the transistors MN5 and MN6 therefore 
turns off the liquid crystal display LCD, regardless of the 45 become indefinite (less than 0.5V). The transistors MN5 and 

level of the SC signal, when it is set at the high level (i.e., MN6 have their on-resistance increased very much, 

power-supply voltage VDD). Both the SC signal and the Hence, the voltage on a line C becomes indefinite, too. A 

DISPOFF signal are input to the OR gate circuit 10. The OR current passes through the path between the transistors MN7 

gate circuit 10 generates a logic sum of the input signals. The and MP7. As a result, the signal 0UT2 output from the level 
logic sum is output as signal INI to the level shifter 12. 5Q shifter 16 becomes indefinite in terms of voltage. At this 

The level shifter 12 converts the signal INI (i.e., the time, the signals IN2 and 0UT2, respectively input to and 

output signal of the OR gate circuit 10) to a signal of the output from the level shifter 16, have the relation shown in 

VLCD-system level and inverts the same to a positive-level FIG. 4. As can be understood from FIG. 4, the signal 0UT2 

signal OUTl. The signal OUTl is input to the LCD drive is indefinite as long as the power-supply voltage VDD is 
buffer 14. The buffer 14, which comprises the p-channel 55 lower than the lowest operating voltage VDDmin of the 

MOS transistor MPl and n-channel MOS transistor MNl, level shifter 16. 

applies the LCD-driving voltage VLCD as a drive signal SI Therefore, when the power-supply voltage VDD falls 

to the liquid crystal display LCD when the signal OUTl is below the lowest operating voltage VDDmin (0.5V) in the 

at the reference voltage GND. When the signal OUT 1 is at LCD -driving circuit, the signal 0UT2 output from the level 
the LCD -driving voltage VLCD, the buffer 14 applies the 60 shifter 16 becomes indefinite, rendering the gate bias of the 

reference voltage GND as a drive signal SI to the liquid transistor M2 indefinite. The transistor MP2 is therefore 

crystal display LCD, turned on, developing a conducting path between the source 

In the drive circuit wherein signals are thus processed, a and drain. Consequently, the VLCD line is short-circuited to 

DISPOFF signal at the low level is input, validating the SC the GND line. 

signal, in order to cause the liquid crystal display LCD to 65 FIG. 5 shows how the LCD-driving voltage VLCD and 

display data. The LDC driver 14 generates a drive signal SI the power-supply voltage VDD change when the application 

on the basis of the SC signal. The drive signal SI is supplied of the voltage VDD is interrupted after the display LCD has 
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been luraed off. In FIG. 5, both voltages VLCD and VDD 
are plotted on the Y axis, whereas time is pbtted on the X 
axis. As FIG. 5 indicates, the transistor MP2 is turned on 
when voltage VDD falls below the lowest operating voltage 
VDDmin of the level shifter 16 after the application of the 
voltage VDD has been interrupted. The monaent the tran- 
sistor MP2 is turned on, the electric charge is discharged 
from the capacitor CI. The LCD -driving voltage VLCD 
therefore quickly falls to a value near the reference voltage 
GND (OV). This prevents the drive circuit 6 from applying 
a voltage, in the form of a drive signal SI, to the liquid 
crystal display LCD. 

As described above, a path is formed to discharge the 
electric charge from the capacitor which holds the LCD- 
driving voltage, when the application of the power-supply 
voltage is interrupted. Thus, the LCD-driving voltage is not 
applied to the liquid crystal display in the event of said 
interruption. The first embodiment of the invention can 
therefore prevent undesired phenomena, such as flickering, 
from occurring on the screen of the liquid crystal display. 

An LCD-driving circuit, which is the second embodiment 
of the invention, will be described. 

The second embodiment is identical in structure to the 
first embodiment, except that a level shifter 20 is used in 
place of the level shifter 16. The level shifter 20 will be 
described, with reference to FIG. 6. 

FIG. 6 is a circuit diagram of the level shifter 20. As 
illustrated in FIG. 6, the level shifter 20 comprises p-channcl 
MOS transistors MPS to MPIO, n-channel MOS transistors 
MN8 to MNll, and a resistor element Rl. The transistors 
MPS and MN8 constitute an inverter circuit. The input of the 
inverter circuit is connected to the power supply 2 (not 
shown). The power supply 2 supplies a signal IN2 to the 
inverter circuit. The output of the inverter circuit is con- 
nected to the gate of the transistor MNIO by the inverter 
circuit composed of the transistors MP9 and MN9. 

The drain of the transistor MNIO is connected by a 
resistor element Rl to the VLCD line, and is also connected 
to the input of the inverter circuit composed of the transistor 
MPIO and MNll. The output of this inverter circuit is 
connected to the gate of the transistor MP2. 

The sources of the transistors MPS and MP9 and the back 
gates thereof are connected to the VDD line. The source and 
back gate of the transistor MPIO are connected to the VLCD 
line. The sources and back gates of the transistors MN8 to 
MNll are connected to the GND line. 

The operation of the level shifter 20 shown in FIG. 6 will 
be explained. As in the first embodiment, the power-supply 
voltage VDD, the LCD-driving voltage VLCD, and the 
lowest operating voltage VDDmin of the level shifter 20 are 
1.5V, 4.5V, and 0.5V. Of these voltages, VLDC and 
VDDmin are fixed at 4.5V and 0.5 V, respectively. 

A MOS transistor has a threshold voltage specific to it. If 
the gate bias falls below the threshold voltage, the 
on-resistance of the MOS transistor will sharply increase. In 
view of this characteristic of a MOS transistor, it is assumed 
that the transistor MNIO has a threshold voltage of 0.8V. 
Then, RN«R1 when the gate bias of the transistor MNIO 
is 0.8 V or more, and RN»R1 when the gate bias thereof is 
less than 0.8V, where RN is the on-resistance of the tran- 
sistor MNIO and Rl is the resistance of the resistor element 
Rl. It will be explained how the level shifter 20 operates 
when the power- supply voltage VDD is 0.5 to 1.5V. Also 
will it be described how the shifter 20 operates when the 
voltage VDD is less than 0.5V 

The voltage applied to the inverter circuit composed of 
the transistors MPS and MN8 and also to the inverter circuit 
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composed of the transistors MP9 and MN9 is equal to the 
voltage on the line a when the power-supply voltage VDD 
is 0.5 to 1.5 V. This is because the lowest operating voltage 
VDDmin of the level shifter 20 is 0.5V. When the power- 
5 supply voltage VDD is less than 0.5V, the voltage the line a 
becomes indefinite. FIG. 7 shows these changes in the 
voltage on the line a. Namely, it is a graph illustrating how 
the voltage changes with the power-supply voltage VDD 
applied to the level shifter 20. The voltage on the line b 
depends on the gate bias of the transistor MNIO. It is almost 
equal to the reference voltage GND (OV) when the power- 
supply voltage VDD is 0.8 to 1.5V, and is about 4.5V when 
the voltage VDD is less than 0.8V FIG. 8 depicts these 
changes in the voltage on the line b. That is, it is a graph 
illustrating how the voltage changes with the power-supply 
voltage VDD applied to the level shifter 20. 

The inverter circuit, which is composed of the transistor 
MPIO and MNIO receiving the voltage on the line b at their 
gates, generates a signal 0UT2. As can be understood from 
FIG. 9, the signal 0UT2 is opposite in phase to the voltage 
on the Une b, which is shown in FIG. 8. In other words, the 
signal 0UT2 is nearly equal to the reference voltage GND 
when the power-supply voltage VDD is less than 0.8V, and 
is approximately 4.5V when the voltage VDD is 0.8 to 1.5V 

Hence, when the power-supply voltage VDD is less 0.8V, 
the gate input of the transistor MP2 is at the reference 
voltage GND (OV), and the transistor MP2 is turned on. The 
source-drain path of the transistor MP2 becomes 
conducting, whereby the VLCD line is short<ircuited to the 
GND line. 

FIG . 10 is a graph explaining how the LCD -driving 
voltage VLCD and the power-supply voltage VDD change 
when the application of the voltage VDD is interrupted in 
the second embodiment after the liquid crystal display LCD 
2 J has been turned off. In FIG. 10, both voltages VLCD and 
VDD are plotted on the Y axis, and time is plotted on the X 
axis. As is clear from FIG. 10, the transistor MP2 is mmed 
on, discharging an electric charge from the capacitor CI, 
when the voltage VDD falls below the lowest operating 
voltage VDDmin of the level shifter 20 after the display has 
been turned off. As a result, the LDC-driving voltage VLCD 
instantaneously falls to a value near the reference voltage 
GND (OV). The drive circuit 6 is thereby prevented from 
generating and supplying a signal SI to the liquid crystal 
display LCD. Thus, no voltage is applied to the liquid crystal 
display LCD. 

In the second embodiment, a path is formed to discharge 
the electric charge accumulated in the capacitor for holding 
the LCD-driving voltage, whenever the application of the 

50 power-supply voltage is interrupted. Hence, the LCD- 
driving voltage would not be applied to the liquid crystal 
display, once the application of the power-supply voltage 
has been interrupted. This prevents undesired phenomena, 
such as flickering, from occurring on the screen of the fiquid 

55 crystal display. 

An LCD -driving circuit, which is the third embodiment of 
the present invention, will be described. 

FIG. U is diagram showing the LCD-driving circuit 
according to the third embodiment. The third embodiment is 

60 identical to the first embodiment, except that three different 
LCD -driving voltages VI, V2 and V3 are used instead of a 
single LCD-driving voltage VLCD. The third embodiment 
incorporates a discharge circuit 22 designed to generate the 
three LCD-driving voltages VI, V2 and V3. The discharge 

65 circuit 22 will be described below. 

As shown in FIG. 11, the discharge circuit 22 comprises 
a level shifter 16 and a p-channel MOS transistor MP2. The 
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level shifter 16 has its input connected to a power supply 2 
and is designed to receive a signal IN2. The p-channel MOS 
transistor MP2 has its gate connected to receive a signal 
0UT2 output from the level shifter 16, its source and back 
gate connected to a booster circuit 4 to receive the voUage 
V3, and its drain connected to the GND line which applies 
reference voltage GND. It should be noted that the level 
shifter 16 is of the same structure as the level shifter 12 
shown in FIG. 2. 

The discharge circuit 22 further comprises p-channel 
MOS transistors MPll and MP12. The transistor MPll has 
its gate connected to receive a signal 0UT2 output from the 
level shifter 16, its source and back gate connected to 
receive the voltage V2, and its drain connected to the GND 
line which applies reference voltage GND. The transistor 
MP12 has its gate connected to receive the signal OUT2, its 
source and back gate connected to receive the voltage VI, 
and its drain connected to the GND line. 

The operation of the discharge circuit 22 will be 
explained. 

In the third embodiment, the power-supply voltage VDD 
and the LCD^iriving voltage VLCD are 1.5V and 4.5V, 
respectively, as in the conventional circuit 1. The booster 
circuit 4 raises the power-supply voltage VDD to 4.5V, 
which is three times the voltage VDD. The voltage of 4.5V, 
thus generated, is used as LCD-driving voltage VLCD. The 
lowest operating voltage VDDmin of the level shifter 16 is 
0.5V. It will be described how the discharge circuit 8 
operates when the power-supply voltage VDD is 0.5 to L5V, 
and how the circuit 8 operates when the voltage VDD is less 
than the lowest operating voltage VDDmin (0.5V), while the 
LCD-driving voltage VLDC remains at 4.5V. 

When the power-supply voltage VDD applied from the 
power supply 2 is 0.5 to 1.5V, the signals IN2 and 0UT2, 
respectively, the level shifter 16 operates normally, and 
outputs a signal 0UT2 which has an LCD -driving voltage 
V3 of 4.5V The voltage V3 (4.5V) is app lied to the gate of 
the transistor MP2, changing the gate bias of the transistor 
MP2 to OV. The transistor MP2 is thereby turned off. No 
conducting path is therefore formed between the source and 
drain of the transistor MP2. The LCD-driving voltage v3 
remains held in the capacitor CI. 

The voltage V3 (4.5V) is applied also to the gate of the 
p-channel MOS transistor MP12. The gate bias of the 
transistor MP12 is thereby changed to OV, and the transistor 
MP12 is turned off. Therefore, no conducting path is formed 
between the source and drain of the transistor MP12. The 
LCD-driving voltage VI remains held. 

When the power -supply voltage VDD applied from the 
power supply 2 is less than the lowest operating voltage 
VDDmin (0.5V) of the level shifter 12, the voltages on the 
lines A and B, which are the output of the inverter circuit 
composed of transistors NP3 and MN3, become indefinite. 
(The inverter circuit is a region that encircled by a broken 
line D in FIG. 2.) The gate biases of the transistors MN5 and 
MN6 therefore become indefinite, being less than 0.5V. The 
on-resistances of these transistors MN5 and MN6 increase 
very much. The voltage on the line C becomes indefinite, 
too, and a current passes through the path between the 
transistors MN7 and MP7. As a result, the signal 0UT2, 
which has been output from the level shifter 16, becomes 
indefinite, too. 

In the LCD -driving circuit according to the third 
embodiment, the signal OUT2, which is the output signal of 
the level shifter 16, becomes indefinite when the power- 
supply voltage VDD falls below the lowest operating volt- 
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age VDDmin of the level shifter 16. At this time, the gate 
bias of the transistor MP2 becomes indefinite, too. Hence, 
the transistor MP2 is turned on, and a conducting path is 
formed between the source and drain of the transistor MP2. 
The line which applies the voltage V2 is short-circuited to 
the GND line. Similarly, the gate bias of the p-channel MOS 
transistor MP12 becomes indefinite, turning on the transistor 
MP12. A conductive path is formed between the source and 
drain of the transistor MP12, The line which applies the 
LCD -driving voltage VI is short-circuited to the GND line. 

That is, the transistors MP2, MPll and MP12 arc turned 
on when the power-supply voltage VDD falls below the 
lowest operating voltage VDDmin (0.5 V) of the level shifter 
16 after the application of the voltage VDD has been 
interrupted. The electric charges accumulated in the capaci- 
tor CI and the two capacitors (not shown) holding the 
voltages VI and V2, respectively, are therefore discharged. 
The LCD -driving voltages V3, V2 and VI are thereby 
lowered to values near the reference voltage GND (i.e., OV). 
This prevents the drive circuit 6 from generating and sup- 
plying a signal SI to the liquid crystal display LCD. No 
voltage is therefore applied to the liquid crystal display 
LCD. 

As described above, a path is formed in the third embodi- 
ment when the application of the power-supply voltage is 
interrupted, thereby to discharge the electric charge from the 
capacitor holding the LCD-driving voltage. In this case, the 
LCD-driving voltage is not applied to the to the liquid 
crystal display. Hence, it is possible to prevent undesired 
phenomena, such as flickering, from occurring on the screen 
of the liquid crystal display. 

In the third embodiment, the level shifter 16 may be 
replaced by the level shifter 20 (FIG. 6) for use in the second 
embodiment. If the third embodiment incorporates the level 
shifter 20, too, it can achieve the same advantages as 
mentioned above. 

The LCD -driving circuits according to the first to third 
embodiments described above are of the type that is formed 
on an p-type semiconductor substrate. The present invention 
is not limited to LCD -driving circuits of this type. Rather, 
the invention can be applied to an LCD-driving circuits to be 
formed on an n-type semiconductor substrate. If this is the 
case, it suffices to replace the p-channel MOS transistors 
with p-channel MOS transistors. 

An LCD-driving circuit according to the fourth embodi- 
ment of the invention will be described, with reference to 
FIGS. 12, 13 and 14. 

FIG. 12 is a block diagram illustrating the fourth embodi- 
ment. As shown in FIG. 12, the LCD-driving drcuil com- 
prises an input terminal 32, an LCD-driving voltage gener- 
ating circuit 34, a LCD driver circuit 36, voltage-holding 
capacitors C30, C31 and C32, n-channel MOS transistors 
MN21, MN22 and MN23, and a power-supply detecting 
circuit 38. Of these components, the components 32, 34, 36, 
MN21, MN22 and MN23 are incorporated in a semicon- 
ductor large-scale integrated circuit (LSI) 30, while the 
components C30, C31 and C32 are provided outside the 
large-scale integrated circuit 30. 

The LCD-driving voltage generating circuit 34 generates 
LCD-driving voltages VI, V2 and V3 from the power- 
supply voltage VDD applied to the input terminal 32 from 
an external device. The LCD driver circuit 36 receives the 
LCD -driving voltages VI, V2 and V3 and outputs a display 
signal to an liquid crystal display LCD. The capacitors C30, 
C31 and C32 are provided to accumulate and stabilize the 
LCD -driving voltages VI, V2 and V3, respectively. The 
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n-channel MOS transistors MN21, MN2 and MN3 are 
switching transistors. The transistor MN21 is connected 
between the circuit 34 and the capacitor C32, for dropping 
the voltage V3 to the reference voltage GND or holding the 
same in the capacitor C32. The transistor MN22 is con- 
nected between the circuit 34 and the capacitor C31, for 
dropping the voltage V2 to the reference voltage GND or 
holding the same in the capacitor C31. The transistor MN23 
is connected between the circuit 34 and the capacitor C320, 
for dropping the vohage VI to the reference voltage GND or 
holding the same in the capacitor C30. The power-supply 
detecting circuit 38 detects whether the power-supply volt- 
age VDD is less than the lowest operating voltage of the 
LCD -driving circuit. The circuit 38 supplies an on-signal to 
the transistors MN21, MN22 and MN23 when the voltage 
VDD is equal to or more than the lowest operating voltage, 
and supplies an off-signal when the voltage VDD is less than 
the lowest operating voltage. 

The transistors MN21, MN22 and MN23 and the power- 
supply detecting circuit 38 will be described in more detail, 
with reference to FIG, 13. As shown in FIG. 13, the 
power-supply detecting circuit 38 is an inverter IVl which 
is composed of a p-channel MOS transistor MP21 and an 
n-channel MOS transistor MN24. These transistors 21 and 
24 have their gates connected to receive the power-supply 
voltage VDD. The transistor 21 has its source and back gate 
connected to receive the LCD-driving voltage VI. The 
drains of the transistors 21 and 24 are coimected to the gates 
of the gates of the n-channel MOS transistors MN21, MN22 
and MN23. 

The LCD-driving voltage V3 is applied to the drain of the 
n-channel MOS transistor MN21, the LCD-driving vohage 
V2 to the drain of the n-channel MOS transistor MN22, and 
the LCD-driving voltage VI to the drain of the n-channel 
MOS transistor MN23. The sources of the n-channel MOS 
transistors MN21, MN22, MN23 and MN24 are connected 
to the GND line. 

As indicated above, the power-supply voltage VDD is 
applied to the gates of the transistors MP21 and MN24 
which constitute the inverter IVl. The inverter IVl, whose 
power-supply voltage is the LCD -driving voltage VI, func- 
tions as the power-supply detecting circuit 38. The output of 
the circuit 38 is applied to the gate of the pull-down 
transistor MN21 provided between the GND line and the 
line which applies the LCD-driving voltage V3. It is applied 
to the gate of the pull-down transistor MN22 provided 
between the GND line and the line applyhing the LCD- 
driving voltage V2, too. Also is it applied to the gate of the 
pull-down transistor MN23 provided between the GND line 
and the line applying the LCD-driving voltages VI. 

The operation of the LCD-driving circuit according to the 
fourth embodiment will be explained, with reference to FIG. 
14. 

In the fourth embodiment, the power-supply voltage VDD 
is 5V, a nd the LCD-driving voltages VI, V2 and V3 are 1 
V, 2V, and 3y respectively. Namely, the voltage V2 is twice 
as high as the voltage VI, and the voltage V3 is thrice as 
high as the voltage VI. 

FIG. 14 is a graph illustrating how the power-supply 
vohage VDD and the LCD-driving voltages VI, V2 and V3 
change with time in the fourth embodiment. 

The power-supply voltage VDD, which is usually 5V, is 
applied to the gate of the inverter IVl. The output of the 
inverter IVl then becomes equal to the reference voltage 
GND (OV). The pull-down transistors MN21, MN22 and 
MN23 are thereby turned off. No conducting path is formed 
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between the source and drain of each of these transistor. 
Hence, as shown in FIG. 14, the LCD-driving voltages V3, 
V2 and VI remain held in the capacitors C32, C31 and C30, 
respectively. 

5 Assume the battery (i.e., the power supply) is abruptly 
removed from the LCD-driving circuit. Then, the applica- 
tion of the power-supply voltage VDD is interrupted, 
whereby the power-supply voltage VDD sharply falls to the 
reference voltage GND as is illustrated in FIG. 14. At the 

10 time the voltage VDD starts falling, the LCD-driving volt- 
ages VI, V2 and V3, which the LCD-driving voltage gen- 
erating circuit 34 has generated and which the capacitors 
C30, C31 and C32 hold, rei^ectively, start lowering slowly 
due to a leakage current. 

When the power-supply voltage VDD falls below the 
voltage VI, the output of the inverter IVl whose power- 
supply voltage is Vi gradually changes from the reference 
voltage GND to the LCD-driving vohage VL Then, the 
n-channel MOS transistors MN21, MN22 and MN23 
applied with the voltages V3, V2 and VI, respectively, are 
turned on. A conducting path is formed between the drain 
and source of each of these transistors. The lines applying 
the voltages VI, V2 and V3 are short-circuited to the GND 
line. The electric charges are thereby discharged from the 

2^ capacitors C30, C31 and C32 to the ground, and the voltages 
VI, V2 and V3 fall to the reference vohage GND. 

As described above, conducting paths are formed in the 
fourth embodiment when the application of the power- 
supply vohage is interrupted. Through the conducting paths, 
thus formed, electric charges are discharged from the LCD- 
voltage holding capacitors, whereby no LCD-driving volt- 
ages are applied unnecessarily to the liquid crystal display. 
This can prevent tmdesired phenomena, such as flickering, 
from occurring on the screen of the hquid crystal display. 

An LCD -driving circuit, which is the fifth embodiment of 
the invention, will be described with reference to FIG, 15, 
In the fourth embodiment, pull-down transistors are used 
to lower the LCD -driving voltages VI, V2 and V3 to the ) 

4Q reference voltage GND. In the fifth embodiment, pull-down 
transistors need not be connected to the lines applying all 
LCD-driving voltages VI, V2 and V3. Rather, it suffices to 
connect at lease one pull-down transistor to at least one of 
the lines which apply the voltages VI, V2 and V3. 

45 FIG. 15 is a diagram showing the pull -down transistor and 
the power-supply detecting circuit, which are provided in the 
fifth embodiment. As shown in FIG. 15, the power-supply 
detecting circuit 38 is an inverter circuit IVl identical to the 
one incorporated in the fourth embodiment. That is, the 

50 circuit IVl comprises a p-channel MOS transistor MP21 and 
an n-channel MOS transistor MN24, The gates of the 
transistors MP21 and MN24 are connected to receive the 
power-supply voltage VDD. The source and back gate of the 
transistor MP21 are connected to receive an LCD -driving 

55 voltage VI. The drains of the transistors MP21 and MN24 
are connected to the gate of an n-channel MOS transistor 
MN21. 

The drain of the n-channel MOS transistor MN21 is 
connected to the line applying an LCD-driving voltage V3. 
60 The sources of the n-channel MOS transistors MN24 and 
MN21 are connected to the GND line. 

As indicated above, the power-supply voltage VDD is 
applied to the gates of the transistors MP21 and MN24 
constituting the inverter circuit IVl. The inverter circuit 
65 IVl, whose power-supply voltage is the LCD-driving volt- 
age VI, functions as the power-supply detecting circuit 38. 
The output of the circuit 38 is supplied to the gate of the 
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iraosisior MN21 which is used as a pull-down transistor and LCD -driving voltages VI, V2 and V3 and outputs a display 

which is provided between the line applying the LCD- signal to an liquid crystal display LCD. The capacitors C40, 

driving voltage V3 and the GND line. Except for these C41 and C42 are provided to accumulate and stabilize the 

points, the fifth embodiment is identical in structure to the LCD-driving voltages VI, V2 and V3, respectively. The 
fourth embodiment. 5 p -channel MOS transistors MP31, MP32 and MP33 are 

-ru^ e I nr\ a^\,- • * tu^ switching transistors. The transistor MP31 is connected 

Ine operation or LCD-drivme circuit according to the , . . - j . • ^ 

a^u —if J- * 11 u 1 J between the circuit 44 and the capacitor C42, for dropping 
firth embodiment will be explamed. , - . c i* ^-xttx u u- 

^ the voltage V3 to the reference voltage GND or holdmg the 

The power-supply voltage VDD is 5V, and the LCD- same in the capacitor C32. The transistor MP32 is connected 

driving voltages VI, V2 and V3 are 1 V, 2V, and 3V, between the circuit 44 and the capacitor C41, for dropping 

respectively, as m the fourth embodiment. That is, the the voltage V2 to the reference voltage GND or holding the 

voltage V2 is twice as high as the voltage VI, and the same in the capacitor C31. The transistor MP33 is connected 

voUage V3 is thrice as high as the voltage VI. between the circuit 44 and the capacitor C40, for dropping 

The power-supply voltage VDD, which is usually 5V, is the voltage VI to the reference voltage GND or holding the 

applied to the gate of the inverter] VI which is composed of same in the capacitor C30. The power-supply detecting 

the p-channel MOS transistor MP21 and the n-channel MOS circuit 48 detects whether the power-supply voltage VDD is 

transistor MN24. The output of the inverter IVl becomes less than the lowest operating voltage of the LCD-driving 

equal to the reference voltage GND (OV). The pull-down circuit. The circuit 38 supplies an on-signal to the transistors 

transistor MN21 is thereby turned off. No conducting path is MN21, MN22 and MN23 when the voltage VDD is equal to 

formed between the source and drain of the transistor MN21. or more than the lowest operating voltage, and supplies an 

The LCD-driving voltage V3 therefore remains held in the off-signal when the voltage VDD is less than the lowest 

capacitor C32. operating voltage. 

Assume the battery (i.e., the power supply) is abmptly The transistors MP31, MP32 and MP33 and the power- 
removed from the LCD-driving circuit. Then, the applica- supply detecting circuit 48 wiU be described in more detail, 
tion of the power-supply voltage VDD is interrupted, with reference to FIG. 17. As shown in FIG. 17, the 
whereby the power-supply voltage VDD sharply falls to the power-supply deteaing circuit 48 comprises two inverter 
reference voltage GND. At the time the voltage VDD starts circuits IV2 and IV3. The inverter circuit IV2 is composed 
falhng, the LCD-driving voltage V3, which the LCD-driving of a p-channel MOS transistor MP34 and an n-channel MOS 
voltage generating circuit 34 has generated and which the transistor MN3, The inverter circuit IV3 is composed of a 
capacitor C32 holds starts lowering slowly due to a leakage p-channel MOS transistor MP35 and an.n-chanoel MOS 
current. transistor MN32. 

When the power-supply voltage VDD falls below the The gates of the transistors MP34 and MN31 are con- 
voltage VI, the output of the inverter IVl whose power- nected to receive the power-supply voltage VDD. The 
supply voltage is VI gradually changes from the reference source and back gate of the transistor MP34 are connected 
vohage GND to the LCD-driving voltage VI. Then, the to receive the LCD-driving voltage VI, The drains of the 
n-channel MOS transistor MN21 applied with the voltage transistors MP34 and MN31 are connected to the gates of the 
V3 us turned on. A conducting path is formed between the transistors MP35 and MN32. The source and back gate of 
drain and source of the transistor MN21. The line applying the transistor MP35 are connected to receive the LCD- 
the voltage V3 is short-circuited to the GND line. The driving voltage V3. 

electric charge is thereby discharged from the capacitor C32 jhe drains of the transistors MP35 and MN32 are con- 
to the ground, and the voltage V3 fall to the reference nected to the gates of the p-channel MOS transistors MP31, 
voltage GND. MP32 and MP33. The source and back gate of the p-channel 

As described above, a conducting path is formed in the MOS transistor MP31 are connected to receive the LCD- 
fifth embodiment when the application of the power-supply driving voltage V3. The source and back gate of the 
voltage is interrupted. Through the conducting path, thus 45 p-channel MOS transistor MP32 are connected to receive 
formed, an electric charge is discharged from the LCD- the LCD-driving voltage V2. The source and back gate of 
voltage holding capacitor, whereby no LCD-driving voltage the p-channel MOS transistor MP33 are connected to 
is applied unnecessarily to the liquid crystal display. This receive the LCD-driving voltage VI. The sources of the 
can prevent undesired phenomena, such as flickering, from n-channel MOS transistors MN31 and MN32 are connected 
occurring on the screen of the Hquid crystal display. 50 to receive the reference voltage GND. The drains of the 

An LCD-driving circuit according to the sixth embodi- p-channel MOS transistors MP31, MP32 and MP33 are 

ment of the invention will be described, with reference to connected to receive the reference voltage GND. 
FIGS. 16 and 17. As described above, the power-supply voltage VDD is 

As shown in FIG. 16, the sixth embodiment comprises an applied to the gates of the p-channel MOS transistors MP34 
input terminal 42, an LCD -driving voltage generating circuit 55 and n-channel MN31 which constimte the inverter circuit 

44, a LCD driver circuit 46, voltage-holding capacitors C40, IV2. The output of the inverter circuit IV2 is input to the 

C41 and C42, p-channel MOS transistors MP31,MP32 and gates of the p-channel MOS transistors MP35 and n-channel 

MP33, and a power-supply detecting circuit 48. Of these MOS transistor MN32 which constimte the inverter circuit 

components, the components 42, 44, 46, MP31, MP32 and IV3. The inverters IV2 and IV3 constitute the power-supply 
MP33 are incorporated in a semiconductor large-scale inte- 60 detecting circuit 48. The output of the power-supply detect- 
grated circuit (LSI) 40, while the components C40, C41 and " ing circuit 48 is connected to the gates of the pull-down 

C42 are provided outside the large-scale integrated circuit u-ansistors MP31, MP32 and MP33 which are provided 

40. between the lines applying the LCD-driving voltages V3, v2 

The LCD-driving voltage generating circuit 44 generates and VI, on the one hand, and the ground, i.e., the GND line, 
LCD-driving voltages VI, V2 and V3 from the power- 65 on the other hand. 

supply voltage VDD applied to the input terminal 42 from The operation of the sixth embodiment will be explained 

an external device. The LCD driver circuit 46 receives the below. 
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The power-supply voltage VDD is 5V, and the LCD- IV2 and IV3. The inverter circuit IV2 is composed of a 

driving voltages VI, V2 and V3 are 1 V, 2V, and 3V, p-channel MOS transistor MP34 and an n-channel MOS 

respectively, as in the fourth embodiment. Namely, the transistor MN31. The inverter circuit IV3 is composed of a 

voltage V2 is twice as high as the voltage VI, and the p-channel MOS transistor MP35 and an n-channel MOS 

voltage V3 is thrice as high as the voltage VI. 5 transistor MN32. 

The power-supply voltage VDD, which is usually 5V, is S^'^^ transistors MP34 and MN31 are con- 
applied to the gate of the p-channei MOS transistor MP34 ^^^^ed to receive the power-supply voltage VDD. The 
and n-channel MOS transistor MN31 which constitute the .^"^ ^^^^ ^^^J"^ transistor MP34 are connected 

inverter circuit IV2. The output of the inverter IV2 becomes |° m^^^^h 3 hV'l f f Ik' 

, , ^ ,/ -ru in transistors MP34 and MN31 are connected to the gates of the 

equal to ihe reference vol age GND (OV). The reference 10 ^^^^^^^ ^^^^ ^^^33 ^^^^^ ^f^^ 

voltage GND IS appLed to the gatw of the p-channel MOS j^^^j^^^^ ^p^^ are connected .0 receive the LCD- 
transistor MP35 and n-cbannel MOS transistor MN32 which driving voltage V3 

constitute the inverter circuit I V3Jhe output of the inverter ^h^ j,^^ „f ^j. MP35 and MN32 are con- 

^™i'nwX^ i?fnL'° T]i6 PuU-down transistors nccted to the gate of the p-channel MOS transistor MP31. 

MP31, PM32 and MP33 are turned off. No conducting paths 15 -j^g ^^^^ ^ack gate of the p-channel MOS transistor 

are therefore formed between the sources of these transistors MP31 are connected to receive the LCD-driving voltage V3 . 

MP31, MP32 and MP33, on the one hand, and the drains Yhc n-channel MOS transi^ors MN31 and MN32 have their 

thereof, on the other. As a result, the LCD-driving voltages sources connected to receive the reference voltage GND. 

V3, V2 and VI remain held in the capacitors C42, C41 and The drain of the p-channel MOS transistor MP31 is con- 

C40, respectively. 20 nected to receive the reference voltage GND. 

Assume the battery (i.e., the power supply) is abruptly As described above, the power-supply voltage VDD is 

removed from the LCD-driving circuit. The application of applied to the gates of the p-channel MOS transistors MP34 

the power-supply voltage VDD is then interrupted, whereby and p-channel MOS transistor MN31 which constitute the 

the power-supply voltage VDD sharply falls to the reference inverter circuit I V2. The output of the inverter circuit IV2 is 

voltage GND, as is illusu-ated in FIG. 14. At the time the ^5 input to the gates of the p-channel MOS transistors MP35 

voltage VDD starts falling, the LCD-driving voltages VI, n-channel MOS transistor MN32 which constitute the 

V2 and V3 which the LCD-driving voUage generating inverter circuit I V3. The inverters I V2 and IV3 constimte the 

circuit 44 has generated and which the capacitors C40, C41 power-supply detectmg circuit 48. The output of the power- 

and C42 hold start lowering slowly due to a leakage current. ^""^fj ^^^^^^^ f^'^^lo^ is connected to the gate of the 

. , „ 7 , . 30 pull-down transistor MP31 which IS provided between the 

When the power-supply voltage VDD faUs below the .ppi^^^g LCD-driving vohage V3 and the GND line, 

voltage VI, the output of the inverter I V2 whose power- Except for these points, the seventh embodiment is identical 

supply voltage is Vi gradually changes from the reference in structure to the sixth embodiment, 

voltage GND to the LCD-driving voltage VI. The output of j^e operation of the seventh embodiment will be 

the inverter IV3 gradually lowers to the reference voltage explained below. 

The power-supply voltage VDD is 5V, and the LCD- 
Then, the p-channel MOS transistors MP31, MP32 and driving voltages VI, V2 and V3 are 1 V, 2V, and 3V, 
MP33 receiving the LCD-driving voltages V3, V2 and VI, respectively, as in the fourth embodiment. Namely, the 
respectively, are turned on. A conducting path is formed voltage V2 is twice as high as the voltage VI, and the 
between the drain and source of each of these transistors voltage V3 is thrice as high as the voltage VI. 
MP31, MP32 and MN21. The Unes applying the voltage V3, The power-supply voltage VDD, which is usually 5V, is 
V2 and VI are short<ircuited to the GND line. The electric appUed to the gates of the p-channel MOS transistor MP34 
charges are thereby discharged from the capacitor C40, C41 and n-channel MOS transistor MN31 which constitute the 
and C42 to the ground. The voltages VI, V2 and V3 fall to inverter circuit I V2. The output of the inverter I V2 becomes 
the reference voltage GND. gq^al to the reference voltage GND (OV). The reference 

As mentioned above, conducting paths are formed in the voltage GND is applied to the gates of the p-channel MOS 

sixth embodiment when the application of the power-supply transistor MP35 and n-channel MOS transistor MN32 which 

voltage is interrupted. Through the conducting paths, thus constitute the inverter circuit IV3. The output of the inverter 

formed, electric charges are discharged from the LCD- circuit IV3 changes to V3. The pull-down transistor MP31 

voltage holding capacitors, whereby no LCD^lriving volt- 50 is turned ofip. No conducting path is there fore formed 

age is applied unnecessarily to the liquid crystal display. between the source and drain of the transistor MP31. As a 

This can prevent undesired phenomena, such as flickering, result, the LCD-driving voltage V3 remains held in the 

from occurring on the screen of the liquid crystal display. capacitor C42. 

An LCD-driving circuit, which is the seventh embodi- Assume the charged battery is abruptly removed from the 

ment of the invention, will be described with reference to 55 LCD-driving circuit. The application of the power-supply 

F^G. 18. voltage VDD is then interrupted, whereby the power-supply 

In the sixth embodiment, pull-down transistors are used to voltage VDD sharply falls to the reference voltage GND, as 

lower the LCD-driving voltages VI, V2 and V3 to the is illustrated in FIG. 14, At the time the voltage VDD starts 

reference vohage GND. In the seventh embodiment, pull- falling, the LCD-driving voltage V3, which the LCD-driving 

down transistors need not be connected to the lines applying 60 voltage generating circuit 44 has generated and which the 

all LCD-driving voltages VI, V2 and V3. Rather, it suflBces C42 holds, starts lowering slowly due to a leakage current, 

to connect at lease one pull-down transistor to at least one of When the power-supply voltage VDD falls below the 

the lines which apply the voltages VI, V2 and V3. voltage VI, the output of the inverter IV2 whose power- 

FIG. 18 is a diagram showing the pull-down transistor and supply voltage is VI gradually changes from the reference 

the power-supply detecting circuit, which are provided in the 65 voltage GND to the LCD-driving voltage VI. The output of 

seventh embodiment. As shown in FIG. 18, the power- the inverter IV3 therefore gradually lowers to the reference 

supply detecting circuit 48 comprises two inverter circuits voltage GND. 
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Then, the p-channel MOS transistors MP31 receiving the 
LCD-driving voltage V3 is turned on. A conducting path is 
formed between the drain and source of the transistor MP31. 
The lines applying the voltage V3 is short-circuited to the 
GND line. The electric charge is thereby discharged from the 
capacitor C42 to the ground. The voltage V3 falls to the 
reference voltage GND. 

As described above, a conducting path is formed in the 
seventh embodiment when the application of the power- 
supply voltage is interrupted. Through the conducting path, 
thus formed, an electric charge is discharged from the 
LCD-voltage holding capacitor, whereby no LCD-driving 
voltage is applied unnecessarily to the liquid crystal display. 
This can prevent undesired phenomena, such as flickering, 
from occurring on the screen of the liquid crystal display. 

In the sixth and seventh embodiments described above, at 
least one p-channel MOS transistor is used as a pull-down 
transistor. Therefore, the LCD-driving voltages VI, V2 and 
V3 finally change to the threshold voltage VthP of the 
p-channel MOS transistor when the power-supply voltage 
VDD falls. 

In the fourth to seventh embodiments, the reference 
voltage for the power-supply detecting circuit is set at VI 
because the lowest operating voltage of the LCD-driving 
circuit is VI. The present invention is not limited to this 
scheme. Rather, any other voltage can be set as the reference 
voltage for the power-supply detecting circuit in accordance 
with the lowest operating voltage of the LCD-driving cir- 
cuit. For example, the voltage V2 may be set as such if the 
lowest operating voltage of the circuit is V2, and the voltage 
V3 may be set as such if the lowest operating voltage of the 
circuit is V3. In whichever case, the same advantages can be 
accomplished. 

Further, the same advantages can be attained if the output 
voltage of any other constant-voltage circuit used may be set 
as the reference voltage for the power-supply detecting 
circuit. 

Any LCD -driving circuit according to the invention, 
described above, can prevent a liquid crystal display from 
causing undesired phenomena on its screen. This is because 
the LCD -driving voltages VI, V2 and V3 are discharged 
from the capacitors when the application of the power- 
supply voltage VDD is interrupted and the power-supply 
voltage inevitably falls below the lowest operating voltage 
of the LCD -driving circuit. 

As has been described, the present invention can provide 
an LCD-driving circuit in which a path is formed to dis- 
charge a electric charge from the LCD-driving voltage 
holding capacitor when the application of the power-supply 
voltage is interrupted, and which can therefore prevent 
flickering from occurring on the screen of a liquid crystal 
display. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details and 
representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva- 
lent. 

What is claimed is: 

1. A circuit for driving a liquid crystal display, compris- 
ing: 

a first line for applying a power-supply voltage; 
a second fine for applying a reference voltage; 
voltage -generating means connected between the first line 
and the second line, for generating from the power- 
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supply voltage an LCD-driving voltage which drives 
liquid crystal incorporated in a liquid crystal display; 

a third line connected to said voltage -generating means, 
for applying the LCD-driving voltage; 

a level-shifting circuit connected to said first line, for 
outputting a signal having a level that corresponds to a 
level of the power-supply voltage applied from the first 
line; and 

switch means for disconnecting said third line from or 
short<ircuiting the same to the second line in response 
to the signal output from said level-shifting circuit. 

2. A circuit according to claim 1, wherein said voltage- 
generating means generates a plurality of different voltages. 

3. A circuit according to claim 2, wherein said switch 
means disconnects a line for applying the highest of the 
different voltages, from the second line, or short-circuits the 
same to the second line, in response to the output of said 
level-shifting circuit. 

4. A circuit according to claim 2, wherein said switch 
means disconnects lines for applying the different voltages, 
from the second line, or short-circuits the same to the second 
Hne, in response to the output of said level-shifting circuit. 

5. A circuit according to claim 2, wherein the different 
voltages are a first voltage, second voltage, and third volt- 
age. 

6. A circuit according to claim 5, wherein said switch 
means disconnects a line for applying the highest of the first 
to third voltages, from the second line, or short-circuits the 
same to the second hne, in response to the output of said 
level-shifting circuit. 

7. A circuit according to claim 5, wherein said switch 
means disconnects lines for applying the first to third 
voltages, from the second line, or short-circuits the same to 
the second line, in response to the output of said level- 
shifting circuit. 

8. A circuit according to claim 1, wherein said level- 
shifting circuit is an inverter. 

9. A circuit according to claim 1, wherein said switch 
means is an MOS transistor provided between said third line 
and said second line. 

10. A circuit for driving a liquid crystal display, compris- 
ing: 

a first line for applying a power-supply voltage; 

a second line for applying a reference voltage; 

voltage-generating means connected between the first line 
and the second hne, for generating from the power- 
supply voltage an LCD-driving voltage which drives 
Uquid crystal incorporated in a hquid crystal display; 

a third line connected to said voltage-generating means, 
for applying the LCD -driving voltage; 

a level-shifting circuit connected to said first line, for 
outputting a first signal when the power-supply voltage 
is equal to or higher than a predetermined voltage and 
a second signal when the power-supply voltage is lower 
than the predetermined voltage; and 

switch means for disconnecting said third Une from the 
second Une when an output of said level-shifting circuit 
is the first signal, and for short-circuiting said third line 
to the second line when an output of said level-shifting 
circuit is the second signal. 

11. A circuit according to claim 10, wherein said first 
signal is the LCD-driving voltage, and said second signal is 
the reference voltage. 

12. A circuit according to claim 10, wherein said voltage - 
generating means generates a pluraHty of different LCD- 
driving voltages. 
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13. A circuit according to claim 12, wherein said switch 
means disconnects a line for applying the highest of the 
different LCD-driving voUages, from the second line in 
response to the first signal output from said level-shifting 
circuit, and short-circuits the same to the second line in 
response to the second signal output from said level -shifting 
circuit. 

14. A circuit according to claim 12, wherein said switch 
means disconnects Unes for applying the different LCD- 
driving voltages, from the second line in response to the first 
signal output from said level-shifting circuit, and short- 
circuits the same to the second line in response to the second 
signal output from said level-shifting circuit. 

15. A circuit according to claim 10, wherein the different 
voltages are a first voltage, second voltage, and third volt- 
age. 

16. A circuit according to claim 15, wherein said switch 
means disconnects a line for applying the highest of the first 
to third voltages, from the second line in response to the 
second signal output from said level-shifting circuit, or 
short-circuits the same to the second line in response to the 
second signal output from said level-shifting circuit. 

17. A circuit according to claim 15, wherein said switch 
means disconnects Unes for applying the first to third 
vohages, from the second line in response to the second 
signal output from said level -shifting circuit, or short- 
circuits the same to the second line in response to the second 
signal output from said level-shifting circuit. 

18. A circuit according to claim 10, wherein said level- 
shifting circuit is an inverter. 

19. A circuit for driving a liquid crystal display, compris- 
ing: 

a first line configured to apply a power-supply voltage; 

a second line configured to apply a reference voltage; 

a voltage-generating circuit connected between the finst 
fine and the second hne, and configured to generate 
from the power-supply voltage an LXTD-driving voltage 
which drives liquid crystal incorporated in a liquid 
crystal display; 
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25. A circuit according to claim 23, wherein said switch 
disconnects lines for applying the first to third voltages, from 
the second line, or short-circuits the same to the second line 
in response to the output of said level-shifting circuit, 

26. A circuit according to claim 19, wherein said level- 
shifting circuit is an inverter. 

27. A circuit according to claim 19, wherein said switch 
is an MOS transistor provided between said third line and 
said second line. 

28. A circuit for driving a liquid crystal display, compris- 
ing: 

a first line configured to apply a power-supply voltage; 

a second line configured to apply a reference voltage; 

a voltage-generating circuit connected between the first 
line and the second line, and configured to generate 
from the power-supply vohage an LCD-driving voltage 
which drives liquid crystal incorporated in a liquid 
crystal display; 

a third line connected to said volt age -gene rating circuit, 
and configured to apply the LCD-driving voltage; 

a level-shifting circuit connected to said first line, and 
configured to output a signal when the power-supply 
voltage is equal to or higher than a predetermined 
voltage and second signal when the power-supply 
voltage is lower than the predetermined voltage; and 

a switch configured to disconnect said third line from the 
second fine when an output of said level-shifting circuit 
is the first signal, and configured to short-circuit said 
third line to the second line when an output of said 
level-shifting circuit is the second signal. 

29. A circuit according to claim 28, wherein said first 
signal is the LCD-driving voltage, and said second signal is 
the reference voltage. 

30. A circuit according to claim 28, wherein said voltage- 
generating circuit generates a plurafity of different LCD- 
driving voltages. 

31. A circuit according to claim 30, wherein said switch 
disconnects a fine for applying the highest of the different 
LCD-driving voltages, from the second line in response to 



a third hne connected to said voltage-generating circuit, 40 the first signal output from said level-shifting circuit, and 



and configured to apply the LCD-driving voltage; 

a level-shifting circuit connected to said first line, and 
configured to output a signal having a level that cor- 
responds to a level of the power-supply voltage applied 
from the first Hne; and 

a switch configured to disconnect said third line from or 
short-circuiting the same to the second line in response 
to the signal output from said level-shifting circuit. 

20. A circuit according to claim 19, wherein said voltage 



short-circuits the same to the second line in response to the 
second signal output from said level-shifting circuit. 

32. A circuit according to claim 30, wherein said switch 
disconnects lines for applying the different LCD-driving 

45 voltages, from the second fine in response to the first signal 
output from said level-shifting circuit, and short-circuits the 
same to the second line in response to the second signal 
output from said level-shifting circuit, 

33. A circuit according to claim 28, wherein the different 



generating circuit generates a plurality of different voltages. 50 voltages are a first voltage, second voltage, and third volt- 

21. A circuit according to claim 20, wherein said switch 
disconnects a line for applying the highest of the different 
voltages, from the second line, or short-circuits the same to 
the second line in response to the output of said level- 
shifting circuit. 55 

22. A circuit according to claim 20, wherein said switch 
disconnects lines for applying the different voltages, from 
the second line, or short-circuits the same to the second fine, 
in response to the output of said level-shifting circuit. 

23. A circuit according to claim 20, wherein the different 60 
voltages are a first voltage, second voltage, and third volt- 
age. 

24. A circuit according to claim 23, wherein said switch 
disconnects a line for applying the highest of the first to third 
vohages, from the second line, or short-circuits the same to 65 
the second line in response to the output of said level- 
shifting circuit. 



age. 

34. A circuit according to claim 33, wherein said switch 
disconnects a line for applying the highest of the first to third 
voltages, from the second line in response to the second 
signal output from said level-lifting circuit, or short- 
circuits the same to the second line in response to the second 
signal output from said level-shifting circuit. 

35. A circuit according to claim 33, wherein said switch 
disconnects lines for applying the first to third voltages, from 
the second line in response to the second signal output from 
said level-shifting cfrcuit, or short-circuits the same to the 
second hne in response to the second signal output from said 
level-shifting circuit. 

36. A circuit according to claim 28, wherein said level- 
shifting circuit is an inverter. 
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